The palaeoenvironmental changes of the south-western part of the Gulf of Gdańsk during the last 8,000 years, with reference to the stages of the Baltic Sea, were reconstructed. Diatom analyses of two cores taken from the shallower and deeper parts of the basin enabled the conclusion to be drawn that the microflora studied developed in the three Baltic phases: Mastogloia, Littorina and Post-Littorina. Moreover, the so-called anthropogenic assemblage was observed in subbottom sediments of the study area.
INTRODUCTION
Diatom flora preserved in sediments of the Gulf of Gdańsk and Hel Peninsula have been investigated in detail for the last century, as discussed by . Contemporary analyses have concentrated on the temporal and spatial variability of paleoenvironmental conditions in the SW Gulf of Gdańsk , Witak & Dunder 2007 . Five sedimentary cores have been analysed so far with respect to their diatom flora, illustrating about 9,000 years of evolution of the gulf. The results presented here continue and extend those studies, showing results of diatom analyses of cores 2/2001 and 7/2001. Several diatom assemblages were distinguished in the studied material, enabling reconstruction of environmental transformations of the study area connected with the last three stages of the Baltic Sea development.
Description of the study area
The Gulf of Gdańsk is one of the smaller gulfs of the Baltic Sea in the southern part of the Gdańsk Basin. Its border, the line joining the capes Rozewie and Taran, crosses the Gdańsk Deep, which has a maximum depth of 118 m (Cyberski 1994 ). The gulf is part of an elongated trough with a varied bed depth. Shallow areas are seen at the western and eastern extremes of the area, as well as in the neighbourhood of the mouth of the Vistula River. To the west the Hel Peninsula, which is a natural sand barrier, separates the inner part of the Gulf of Gdańsk, Puck Bay (Majewski 1990 ). The average depth of the western part of Puck Bay, which is called Puck Lagoon, is c.a. 3.13 m, while the mean depth of the Outer Puck Bay, which is connected with the open waters of the Gulf of Gdańsk, is estimated as 20.5 m (Nowacki 1993) .
The contemporary sea level of the Gulf of Gdańsk is primarily controlled by migrating low-pressure areas. However, inflowing riverine waters, precipitation, evaporation, thermal conditions, compensative movements and water exchange with the North Sea also have noticeable influences. Eastward winds predominate in the study area (Paszkiewicz 1990) . Storms are usually accompanied with wind set-ups, which may reach 2 m above average sea level, together with backwater in the Vistula river mouth (Łomniewski 1959 ). The complicated current system of the Gulf of Gdańsk is dependent on Baltic Sea water circulation, the gulf's shape, seabed topography, the presence of the Hel Peninsula and Vistulian water inflow (Kowalik 1990 ). Up-and downwellings have been identified within the gulf along Hel Peninsula, Vistula Spit and Sambian Peninsula (Kowalewski & Ostrowski 2005) .
The temperature and the salinity of the Gulf of Gdańsk are horizontally and vertically differentiated. In the surface layer these parameters change seasonally and are determined by air temperature, insolation, vertical processes, wind mixing and riverine runoff. The monthly average temperatures are 2 -3ºC in February, 8 -10ºC in May, 17 -18ºC in August and 7 -10ºC in November (Cyberska 1990a) . The salinity of the coastal waters reaches 4.5 PSU, whilst in the deeper part of the Gulf of Gdańsk it may exceed 8 PSU (Cyberska 1990b ). In the bottom water layer the temperature and salinity hinge on the quantity of North Sea inflows, increasing with depth the temperature might reach 4 -6ºC and the salinity may exceed 13 PSU (Cyberska 1990a,b) .
Both natural and anthropogenic factors determine the trophy of the Gulf of Gdańsk. Two natural factors can be attributed i.e. assimilation and remineralization of nitrogen and phosphorus compounds, as well as saline water inflows from the open sea. Nutrients of anthropogenic origin are supplied by the Vistula runoff and the atmosphere. Concentrations of nitrates and phosphates in the euphotic layer decrease from April to September because of primary production, being much higher again from October to March (Trzosińska 1990) . A detailed description of the succession of phytoplankton blooms in the Gulf of Gdańsk was provided by Pliński (1987) . In early spring, diatoms bloom, with Chaetoceros spp., Melosira spp., Thalassiosira spp. and Pauliella taeniata (called as Achnanthes taeniata) being abundant. By May Skeletonema marinoi is the main component of the bloom. During the summer blue-green algae predominate, notably the species Aphanizomenon flos-aquae. In June these are accompanied by dinoflagellates and green algae from the Chlorococcales, while in July the cyanobacteria bloom. In the autumn diatoms reappear, with Coscinodiscus granii becoming dominant. Trzosińska and Łysiak-Pastuszak (1996a) confirmed that the productivity of the Gulf of Gdańsk is still rising. This is as a consequence of the increasing load of nutrients, connected with the uncontrolled supply of sewage, causing progressive eutrophication of the gulf (Trzosińska and Łysiak-Pastuszak 1996b) .
Pleistocene glaciations had a strong influence on the bottom relief of the Gulf of Gdańsk, especially the last of the Vistulian glaciations, which shaped many of the residual forms seen below the seafloor. Subsequently, geomorphology of the gulf has been determined by marine abrasion and accumulation, with the impact of the Vistula River being prominent (Pikies 1995 , Uścinowicz 1997 . The thickness of Holocene deposits varies from less than 1 m in the Puck Bay area and the Gdańsk Deep, to above 10 m in the central part of the gulf, in the neighbourhood of the Vistula river mouth and along the Vistula Spit, and to 100 m at the Hel Peninsula, which is the highest value in Poland (Uścinowicz 1995a , Tomczak 1995 . The outline of the evolution of the study area has recently been discussed by Witak & Dunder (2007) . Abrasion, redeposition and deposition processes, which started during the Littorina Sea stage, not only shaped the bottom of the gulf but also influenced lithological differentiation and distribution of particular sediment types. Sedimentary material mainly comes from cliff erosion and the washing away of quaternary sediments from the seabed. Its deposition is dependent on the local bathymetry of the area (Uścinowicz 1995b) . Mixed sands built the wave-cut platform under the Mechelinki cliff (Kramarska 1995) , while coarse sand occurrence is limited to several areas in the south-western part of the gulf and the vicinity of the Rozewie Cape. Medium and fine sands predominate in the shallower part of the Gulf of Gdańsk, and were even seen to the north of the Hel Peninsula at a depth of 90 m. In the transitional zone between the shallow and deep water zones, muddy sands and sandy muds were found. Silty muds prevail over the sediments of the deeper part of the gulf.
MATERIALS AND METHODS
The deposits examined in this study came from two sediment cores collected with a vibro corer from the r/v Dr Lubecki in 2001 (Fig. 1) . The cores were obtained from the Polish Geological Institute, Branch of Marine Geology, Gdańsk. Core 2/2001 was drilled in the shallower zone of the study area, at the water depth of 30 m, while core 7/2001 was taken from the deeper part, at a depth of 65 m (Table 1) .
Samples for diatom analyses were taken at 7 cm intervals from core 2/2001 and at 10 cm intervals from core 7/2001, these distances being relevant to the lithological units seen in the cores. Two permanent microscope slides mounted in Naphrax® were prepared from each sediment sample according to Battarbee's method (1986) . Diatom analyses were performed by means of a BIOLAR microscope (Polish Optical Works) at a magnification of ×1200. More than 500 valves were counted in each sample to estimate the abundance of individual taxa. Species identification, as well as ecological requirements, of the diatoms identified were based on: Hustedt (1927 Hustedt ( -1966 , Siemińska (1964) , Snoeijs (1993) , Snoeijs & Vilbaste (1994) , Snoeijs & Potapova (1995) , Wiktor et al. (1995) , Witkowski (1994) , Snoeijs & Kasperoviciene (1996) , Snoeijs & . Diatoms were divided into benthos and plankton (Round 1981) and halobian groups (Kolbe 1927) : euhalobous (salinity >30 PSU), mesohalobous (5-20 PSU), oligohalobous halophilous (<5 PSU), indifferent (0-2 PSU) and halophobous (0 PSU). Based on the floristic spectra, percentage content of individual taxa, ecological groups and their dominants, the diatom assemblage zones (DAZ) were distinguished in each core.
Fig. 1.
Locations of analyzed cores; 1 -cores analyzed in this study, 2 -cores analyzed in Witak & Dunder (2007) , 3 -cores analyzed in .
RESULTS
Diatom floras were abundant and generally well preserved, although broken valves were observed in each slide. In the lower part of core 2/2001, between 186 and 193 cm, a lack of diatom flora was seen, whilst in core 7/2001 no gap in the diatom record occurred. A high diversity of taxa was observed in the analysed sediments. A total of 369 species, of varieties and forms belonging to 70 genera were identified in the two cores. 63 genera, represented by 283 species, varieties and forms were observed in core 2/2001, while 258 species, varieties and forms from 62 genera were observed in core 7/2001. In each diatom record benthic forms predominated (Table 2) . A great diversity of oligohalobous indifferent taxa was seen, while the oligohalobous halophilous group was the least varied. High contents of species of low fossilization potential, such as Skeletonema marinoi, confirm the value of the diatom assemblages preserved in both cores for palaeoenvironmental reconstructions. Based on variations in content of dominant species, characteristic species and ecological groups, the cores were divided into several units (Figs. 2 and 3).
Core 2/2001
2-I Thalassionema nitzschioides -Skeletonema marinoi -Aulacoseira italica . A wide variety of taxa was recorded in this assemblage. In the lower part broken frustules predominated, whilst better preserved valves occurred in the upper part of the zone. The content of ecological groups was varied, however, the frequency of benthic species increased up the core from 35% to 78% of the total abundance. Marine planktonic taxa such as Pseudosolenia calcar-avis, Rhizosolenia hebetata f. hebetata and Thalassionema nitzschioides were indicators of this community. Among euhalobous species Skeletonema marinoi and Thalassiosira levanderi were the most numerous. Freshwater diatoms were principally represented by Aulacoseira granulata and A. italica.
Table 2
Number of diatom taxa of various ecological groups in cores. . The diatom flora was represented by many taxa. The content of marine and planktonic diatoms was the lowest of the whole core in this zone, which was the most characteristic feature of this assemblage. Benthic taxa predominated, comprising up to 88% of all valves. Catenula adhaerens occurred abundantly. Among the brackish diatoms Fragilaria atomus, Hyalodiscus scoticus and Planothidium delicatulum were observed most often. Oligohalobous indifferent forms were mainly represented by Amphora pediculus, Cocconeis neodiminuta, C. neothumensis and Stephanodiscus hantzschii, accompanied by Planothidium lanceolatum and Pseudostaurosira brevistriata.
2-II Cocconeis neothumensis -Catenula adhaerens -Fragilaria atomus
2-III Thalassiosira levanderi -Pauliella taeniata -Stephanodiscus hantzschii DAZ (19 -0 cm). The diatom flora of taphocoenose was quite abundant, diverse and well preserved. The frequency of benthic species decreased in the upper part of this assemblage, where they were replaced by planktonic diatoms. The content of marine species changed radically from 14% to 52% up the core. The main component of the euhalobous group was Thalassiosira levanderi, which comprised up to 37% of the total abundance, with less frequent observations of Fragilariopsis cylindrus and Pauliella taeniata. The most abundant representatives of brackish species were Cyclotella choctawhatcheeana (31% of total abundance) and Hyalodiscus scoticus. The oligohalobous halophilous group was represented principally by Cyclotella meneghiniana, and the freshwater flora was dominated by Staurosirella pinnata and Stephanodiscus hantzschii.
Core 7/2001
7-I Staurosirella lapponica-Pseudostaurosira brevistriata -Opephora guenter-grassii DAZ (285 -254 cm). In this zone benthic freshwater diatoms were displaced by planktonic marine and brackish taxa. At the bottom of the zone representatives of oligohalobous indifferent Amphora inariensis, A. pediculus, Cavinula scutelloides, Cocconeis disculus, Fragilaria martyi, Pseudostaurosira brevistriata, Staurosira binodis, S. construens, S. venter, Staurosirella lapponica and S. pinnata occurred quite often. In the upper part of this zone the diatoms observed were more frequently euhalobous (Catenula adhaerens, Diploneis smithii var. recta, Skeletonema marinoi and Thalassiosira levanderi) and mesohalobous (Opephora guenter-grassii). Concurrently, freshwater planktonic species Aulacoseira italica were frequently seen.
7-II Thalassionema nitzschioides -Pseudosolenia calcar-avis -Opephora guenter-grassii DAZ (254 -100 cm). The diatom community was abundant and represented by many species, varieties and forms. Characteristic taxa, such as Rhizosolenia hebetata f. hebetata, Thalassionema nitzschioides, Thalassiosira eccentrica and T. oestrupii appeared, being marine planktonic indicators of this zone. Skeletonema marinoi and Thalassiosira levanderi were the most abundant euhalobous diatoms. Among mesohalobous forms, which attained their maximum frequency in this core section, Opephora guenter-grassii was the most numerous. Representatives of Diploneis didyma and Nitzschia constricta were also encountered. Moreover, the freshwater species Amphora inariensis, Aulacoseira granulata, A. italica and Cocconeis neothumensis occurred with considerable frequency.
7-III Opephora guenter-grassii -Cocconeis neothumensis -Catenula adhaerens DAZ (100 -20 cm). In this assemblage the content of benthic taxa exceeded 64%. Marine diatoms were less common, while the frequency of brackish and freshwater flora had increased. Mesohalobous species were observed very often, particularly Opephora guenter-grassii and Planothidium delicatulum. The main components of the euhalobous group were Catenula adhaerens and Thalassiosira levanderi. Among freshwater species Amphora inariensis and Cocconeis neothumensis predominated.
7-IV Thalassiosira levanderi -Sceletonema marinoi -Pauliella taeniata DAZ (20 -0 cm). The diatom flora was very abundant in this section. Up to 72% of the community consisted of planktonic taxa. The content of oligohalobous indifferent forms decreased rapidly up the core to 7%, while marine diatoms became more prominent, reaching 59% of the total. These changes in frequency of habitat and halobian groups were connected to the most abundant species of this assemblage, the euhalobous Thalassiosira levanderi. Actinocyclus octonarius, Fragilariopsis cylindrus, Pauliella taeniata and Skeletonema marinoi were also abundant. Among brackish species, Hyalodiscus scoticus was observed occasionally, while Nitzschia rosenstockii was the most abundant taxa of oligohalobous halophilous diatoms.
DISCUSSION
Based on diatom analyses and lithology the sediments from cores 2/2001 and 7/2001 can be correlated with the last three stages of the Baltic Sea development (Fig. 4) .
Mastogloia Sea stage
The oldest sediments were found at the bottom of core 7/2001, and belong to 7-I DAZ. The diatom flora observed in this layer prove that these sands and sandy muds came about during the Mastogloia Sea stage (Krzymińska J., Michałowska M., unpublished).
Incursion of saline North Sea water, via the Danish Straits, that began c.a. 8.5 -8.4 ka BP had a strong bearing on the environment of the Gulf of Gdańsk. A very important feature of related assemblages, mentioned by all authors describing the diatom flora of the Mastogloia Sea stage, is the replacement of benthic freshwater diatoms by brackish and marine planktonic species at that time (Bogaczewicz-Adamczak 1982, Bogaczewicz-Adamczak & Żukowska 1990, Zaborowska & Zachowicz 1982 , Witkowski 1994 , Stachura-Suchoples 1999 , Witak & Dunder 2007 . Such a phenomenon is also seen in the results presented here. In the lowest part of 7-I DAZ Amphora 
inariensis, A. pediculus, Cavinula scutelloides, Fragilaria martyi, Cocconeis disculus, Pseudostaurosira brevistriata, Staurosira binodis, S. construens, S. venter, Staurosirella lapponica
and S. pinnata predominate. These species occurred quite frequently in Mastogloia sediments in different parts of the Gulf of Gdańsk (Pieczka & Zaborowska 1989 , Witkowski 1994 , Stachura-Suchoples 1999 , including the area of the present Hel Peninsula (Sandegren 1935 , Bogaczewicz-Adamczak 1982 . As the salinity of the gulf increased (up to 5 PSU), the percentage content of freshwater diatoms started to diminish. Simultaneously, the frequency of brackish and marine forms rose. In 7-I DAZ the content of mesohalobous and euhalobous groups of diatoms increases, together with the number of species, a result which was also reported by Witkowski (1994) . During the incursion of the water the sea level rose by 13 m, causing shoreline displacement (Uścinowicz 2003) , and this deepening of the basin resulted in intensive growth of planktonic species. In the uppermost part of this core layer the marine taxa Catenula adhaerens, Diploneis smithii var. recta and Skeletonema marinoi appeared, accompanied by resting spores of the brackish Chaetoceros spp. and the eutraphent species Opephora guentergrassii. A similar rise in percentage content of C. adhaerens and Chaetoceros spp. resting spores was also reported by Witkowski (1994) and StachuraSuchoples (1999) , their occurrence indicating the rising trophy of the gulf. Opephora guenter-grassii was a dominant species of the Mastogloia Sea stage assemblage in a core taken from the bottom of the Gulf of Gdańsk in the vicinity of the Hel Peninsula (Stachuta-Suchoples 1999). As in other areas of the gulf (Witkowski 1994 , Stachura-Suchoples 1999 , the content of riverine species from the genera Aulacoseira also increases. As Stachura-Suchoples (1999) suggested, the influence at that time of the Vistula River on hydrology of the Gulf of Gdańsk could be comparable to the present-day.
Littorina Sea
The diatom analyses enabled distinguishing of the Littorina taphocoenoses in both cores, however, the lithology indicates miscellaneous sedimentation conditions in both regions of the gulf. 2-I DAZ was preserved in the lowest part of core 2/2001, where medium sands with gravel interbeddings transform into muddy sands, fine sands and silt (Krzymińska J. & Michałowska M., unpublished). A gravel layer, at a depth of 186 cm, was the only hiatus in the diatom record in the studied material. 7-II DAZ was distinguished in fine sands with mud interbeddings and muddy silt with sandy interbeddings, overlaying Mastogloia Sea sediments. Broken shells of molluscs occurred in both cores.
The Littorina transgression, which began c.a. 7.5 ka BP (Uścinowicz 2003) , led to significant increase in the gulf's salinity. In spite of the Vistula River influence, flowing at that time directly into the Gulf of Gdańsk, marine indicators occurred even close to the river mouth, as previously reported by several authors (Ignatius & Tynni 1978 , Zaborowska & Zachowicz 1982 , Pieczka & Zaborowska 1989 , Witkowski 1994 , Stachura-Suchoples 1999 , Witak 2000 , 2002 , Witak & Bogaczewicz-Adamczak 2006 , Witak & Dunder 2007 . Littorina flora has also been documented in Hel Peninsula sediments (Schulz 1926 , Bohr & Sokół 1972 , BogaczewiczAdamczak 1982 , Bogaczewicz-Adamczak & Żukowska 1990 . The most characteristic diatoms of the Littorina Sea stage, such as Thalassionema nitzschioides, Pseudosolenia calcar-avis and Rhizosolenia hebetata f. hebetata (Ignatius & Tynni 1978 , Witkowski 1994 , Snoeijs 1999 , Andrén et al. 2000 , Witak 2000 , Witak & Bogaczewicz-Adamczak 2006 , Witak & Dunder 2007 were seen in both investigated assemblages. Nevertheless, their percentage content was much lower than that reported in other parts of the Gulf of Gdańsk (Witkowski 1994 , Stachura-Suchoples 1999 , Witak & Dunder 2007 . Relatively increased abundances of mesohalobous and euhalobous groups indicate that, compared to the Mastogloia sea stage, the salinity of the gulf escalated. In the assemblage preserved in core 2/2001 the abundance of particular habitats and halobian groups was more varied than in core 7/2001. On the basis of ecological group contents and lithology it is presumed that environmental conditions were much more stable in the area of core 7/2001. Noticeable fluctuations within habitat and halobian groups in core 2/2001 might either result from successive Littorina transgressions, previously mentioned in the literature (Witkowski 1994 , Andrén et al. 2000 , that were documented only in the shallower part of the Gulf of Gdańsk, or from climate change influencing the scale of the Vistula River inflow. More riverine diatoms were observed in 2-I than in 7-II DAZ. In both assemblages Aulacoseira granulata and A. italica predominated among the oligohalobous group. These species have been prominent in previous reports of investigations of the gulf, especially, in the cores located in the Vistula palaeodelta vicinity, close to the core 2/2001 , Witak & Dunder 2007 . Witkowski (1994) correlated their current distribution with the location of the Vistula River mouth, and reports their presence in palaeodelta sediments. Another species that occurred abundantly is Thalassiosira levanderi, which has also been reported as being preserved in a core taken from the Vistula paleodelta (Witak & Dunder 2007) . Witkowski (1994) asserted that this taxon was observed in supralitoral and pelagic sediments of the Littorina Sea stage. The abundance of S. marinoi in both analysed cores is notable, being more prolific in 2-I DAZ. S. marinoi is a marine species that is sparsely observed in sediments because its fragile frustules are easily damaged during the sedimentation process. This species is commonly encountered in contemporary samples from the Vistula River mouth (Witkowski 1994) . Previously it was reported as being abundant in Littorina sediments of one core . The abundance of S. marinoi emphasizes the value of diatom taphocenoses preserved in cores for palaeoecological reconstructions. The higher content of species connected with riverine influence in 2-I DAZ may show the location of the Vistula river mouth. In core 7/2001 another noteworthy taxa, Opephora guenter-grassii, reached 21% of total abundance. This species was frequent in Littorina sediments of Outer Puck Bay (Stachura-Suchoples 1999) and near its border, where the depth did not exceed 35 m (Stachura-Suchoples 1999 , Witak 2000 , Witak & Dunder 2007 . The high frequency of Chaetoceros spp. resting spores seen in the analysed assemblages was also observed in previously investigated Littorina sediments from the Gdańsk Deep (Witkowski 1994) to the Outer Puck Bay (Stachura-Suchoples 1999) . Higher content of Chaetoceros spp. resting spores, O. guenter-grassii and diatoms related to the Vistula River mouth confirm progressive eutrophication of the basin caused by input of riverine and oceanic waters.
Post-Littorina Sea
The most recent stage of Baltic Sea development, the Post-Littorina Sea, was shown by the presence of silts and silty muds in the upper parts of both analysed cores (Krzymińska J. & Michałowska M., unpublished) . Single shells of marine molluscs were seen in both cores. Two Post-Littorina assemblages were distinguished in each core, with correlation found between 2-II and 7-III DAZ, and 2-III DAZ corresponding to 7-IV DAZ.
As a result of the Danish straits shoaling c.a. 4 ka BP (Ūsaitytė 2000) , the salinity of the Baltic Sea decreased vastly, which had an effect on diatom assemblages. Post-Littorina palaeoecological changes of the study area investigated via diatomological studies have been previously reported (Ignatius & Tynni 1978 , Pieczka & Zaborowska 1989 , Witkowski 1994 , StachuraSuchoples 1999 , Witak 2000 , 2002 , Witak & Bogaczewicz-Adamczak 2006 , Witak & Dunder 2007 . In the material studied, Littorina characteristic species, such as P. calcar-avis and R. hebetata f. hebetata disappear, and T. nitschioides was sporadically seen. Benthic species predominate and although their content decreased, it was never below 64% of total abundance. The abundance of the euhalobous species dropped in favour of brackish and freshwater flora. Among the freshwater and brackish species that became prominent in 2-II DAZ the oligohalobous indifferent, and in 7-III DAZ the mesohalobous group, were the most numerous. In both cores the euhalobous species Catenula adhaerens and Thalassiosira levanderi occurred abundantly, while Cocconeis neothumensis and Planothidium delicatulum represented the oligohalobous indifferent group. Furthermore, in core 2/2001 these were accompanied by the freshwater Cocconeis neodiminuta and Stephanodiscus hantzschii and brackish Fragilaria atomus and Hyalodiscus scoticus. Similarly in core 7/2001 the mesohalobous Chaetoceros spp. resting spores, Navicula perminuta and O. guenter-grassii were seen. These species have previously been reported as being common in sediments from the western part of the Gulf of Gdańsk , Witak & Dunder 2007 , with C. adhaerens and P. delicatulum recorded most often. C. adhaerens and O. guenter-grassii are known as two of the most characteristic taxa of the Post-Littorina diatom flora in the study area (Witak & Bogaczewicz-Adamczak 2006) . As was mentioned in the literature , Witak & Dunder 2007 ) the abundance of diatoms represented by Aulacoseira spp. and S. marinoi decreased abruptly, because at that time the Vistula River flowed into the Vistula Lagoon.
In the 17 th century the Vistula River fan was at Westerplatte (Łomniewski 1960) . Vistula waters flowed through this mouth until 1840, when a flood, caused by an ice jam, formed a new branch of the river called Wisła Śmiała (Brave Vistula). In 1895, with the excavation of 7 million m 3 of sediment, the present mouth of the Vistula near Świbno was dug. Since 1916, when the Nogat was chopped off, the Vistula waters have flowed directly into the gulf. Progressive eutrophication of the basin has resulted in transformation of the diatom community. The abundance of planktonic species grew rapidly to reach 62% in 2-III DAZ and 72% in 7-IV DAZ. Simultaneously, members of euhalobous groups became more numerous. T. levanderi was dominant in the sub-bottom sediments, where Pauliella taeniata was also commonly seen. Cyclotella choctawhatcheeana, C. meneghiniana and Stephanodiscus hantzschii frequently occurred in core 2/2001, with Actinocyclus octonarius, Hyalodiscus scoticus and S. marinoi common in core 7/2001. These species, being pollution resistant components of an 'anthropogenic' assemblage, have been observed in other parts of the gulf (Witkowski 1994 , Stachura & Witkowski 1997 , StachuraSuchoples 1999 , Witak 2000 . T. levanderi has been observed during contemporary algal blooms in the Gulf of Gdańsk (Witkowski 1994) , while C. meneghiniana and S. hantzschii have been documented in alluvial sediments that reflect the Vistula River influence on the study area (Stachura & Witkowski 1997 , Stachura-Suchoples 1999 .
CONCLUSIONS
Correlation of palaeoecological units show that distinguishable zones are closely related to environmental changes of the Gulf of Gdańsk during the last 8,000 years and correspond to the Mastogloia Sea, Littorina Sea and PostLittorina Sea stages. The oldest sediments, which were seen at the base of the core taken from the deeper part of the study area, can be related to the Mastogloia Sea stage. The diatom flora indicates that these sediments were laid down in a period of rising sea level, salinity and trophy. During the next stage, Littorina Sea, the salinity of the Gulf of Gdańsk increased, which is recorded in 2-I and 7-II DAZ. In these zones indicators of warm, marine waters were observed. The presence of diatoms such as A. granulata, A. italica and S. marinoi are be indicative of the substantial influence of the Vistula River on the palaeohydrology of the study area. This influence was more significant in the shallower part of the gulf. During the Post-Littorina Sea stage the salinity of the Gulf of Gdańsk decreased, which is recorded by the vanishing of Littorina indicators. Riverine species disappearance may prove a thesis that the river inflowed directly to the Vistula Lagoon during the Post Littorina Sea stage. In the subbottom sediments of both cores 'anthropogenic' assemblages were observed. Planktonic marine forms represented by T. levanderi predominate, indicating progressive eutrophication, with high frequencies of the taxa most tolerant to water pollution supporting this indication.
